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By asymmetric catalysis, prochiral substrates could be converted to optically active 
products with specific configuration. In recent years, N-Heterocyclic carbenes (NHCs) 
both as ligands and organocatalysts have displayed the outstanding catalytic activities and 
stereoselectivities. We have designed and synthesized a new type of chiral 
imidazo[1,5a]pyridine carbene precursors and applied them as ligands in the copper 
catalyzed borylation of ,unsaturated compounds. In the investigation of applying 
of these NHCs as organocatalyst, we found that inorganic base could catalyze the 
cycloaddition of ketenes and imines to produce -lactams. So the reaction was 
investigated in detail. 
This dissertation contains the following four parts 
1. The synthesis of camphorderived chiral imidazo[1,5a]pyridine carbene 
precursors NHCs·HCl (IІ). 
 
2. The catalytic activity and stereoselectivity of this camphorderived 
imidazo[1,5a]pyridine carbene ligand were evaluated in the reaction of asymmetric 
boration of ethyl cinanmate by using NHCCu complexes generated in situ. 
 
3. Chiral imidazo[1,5a]pyridine carbene precursor NHCs·HCl (III) has been 















stereoselectivity were evaluated in the asymmetric boration of ,unsaturated 
compounds NHC-Cu complexes (IV) were obtained via. 
 
 
4. We have developed a method of synthesizing lactam by Staudinger 
cycloaddition of ketens and imines. K2CO3 has been found to be a highly active catalyst 
for the Staudinger reaction with disubstituted ketenes and imines. This inorganic base 
gave highly substituted -lactams in high yield at room temperature. 
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Ac acetyl / 乙酰基 
Allyl propylene / 烯丙基 
Ar aryl / 芳基 
Bn benzyl / 苄基 
Boc tbutoxycarbonyl / 叔丁氧羰基 
Bu Butyl / 丁基 




DCM dichloromethane / 二氯甲烷 
DCE 1,2Dichloroethane / 1,2-二氯乙烷 
DIBAL-H diisobutylaluminum hydride / 二异丁基氢化铝 
DMAP 4N, N-dimethylaminopyridine / 4-N, N二甲氨基吡啶 
DMF N,Ndimethylformamide / N,N二甲基甲酰胺 
DMSO dimethylsulfoxide / 二甲基亚砜 
dppf Bis(diphenylphosphino)ferrocene / 1,1 ́（双二苯基膦）二茂铁 
EWG Electron withdrawing group / 吸电子基团 
Imid imidazole / 咪唑 
KHMDS potassium hexamethyldisilazide / 六甲基二硅基氨基钾 
LDA lithium isopropylamide / 二异丙基氨基锂 















PG Protective groups / 保护基 
Ph phenyl / 苯基 
Pr Propyl / 丙基 
TEA triethylamine / 三乙胺 
Tf2O Trifluoromethanesulfonic anhydride / 三氟甲磺酸酐 
THF tetrahydrofuran / 四氢呋喃 


































































































与一个氮原子直接相连。氮杂环卡宾的卡宾碳原子采用 sp2 杂化（图 1-1），两个












图 1- 1 N杂环卡宾的结构 
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